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Abstract 
In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
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1. Introduction 
Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge
of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 
On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 
Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 
Multinational companies deal with production processes in various countries by operating global production networks. These production 
processes are allocated to production plants with different levels of autonomy regarding strategic and operative decisions. Typically, each plant 
and the whole network are managed by one or more network managers who have to deal with a decision overload in their daily business. 50% of 
their decisions are made in less than 9 minutes and only a small amount of decision tasks are dealt with for more than one hour. To reduce this 
dilemma, it was found that the distribution of decision autonomy can be enhanced. It depends on the company’s strategy and complexity 
dimensions in global production networks. However, so far there is little evidence on how to better distribute decision autonomy in global 
production networks in detail. Furthermore, it is not transparent at what level of cetralism a global production network should be managed without 
cutting the capabilities of production plants. This paper presents a methodology, which examines relevant strategy dimensions and derives 
guidance on how to distribute decisions in global production networks. First, the network and production strategies of global production networks 
are classified. Second, relevant complexity dimensions and decisions are introduced. Third, the influence of the distribution of decision autonomy 
on strategy dimensions is quantified by an impact model. Furthermore, the effect of complexity on the distribution of decision autonomy is 
quantified by an impact model. Here, the integration of empirical data was used to validate the different influences. Finally, the ideal distribution 
of decision autonomy for specific production plants in the global production network is derived. The methodology is applied in an industrial use 
case to prove its practical impact. 
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An increasingly dynamic worldwide competition and 
accelerating product requirements due to fast changing 
customer requirements apply high pressure on efficient 
production processes [1]. In order to cope with this pressure, 
companies around the world structure their production 
processes in global production networks [2]. The different 
market conditions offer benefits of being close to the customer 
or using low factor costs (e.g. personnel or logistics costs) [3]. 
Furthermore, global production networks grow naturally or by 
merger and acquisition activities [4]. The results are production 
networks which are not as efficient as if they were planned on 
in advance. High coordination activities characterize these 
production networks. Each production plant in the networks 
needs a connection to related plants or headquarter [5]. To 
reduce this dilemma, one can increase the autonomy of 
production plants in global production networks [6]. By 
increasing the autonomy regarding strategic or operative 
decisions, the coordination effort can be lowered, but one also 
has to consider the loss of control of the network managers [7]. 
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needs a connection to related plants or headquarter [5]. To
reduce this ilemma, on  can increase the autonomy of 
production plants in global producti n networks [6]. By 
increasing the autonomy regarding strategic or oper tive 
decisions, the co rdination effort can be lowered, but one also
has to consider the loss of control of the network managers [7]. 
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Moreover, it is increasingly important to take the strategic 
orientation of the producing company into account. The 
strategy needs to be deployed throughout the global production 
network. In addition, it characterizes the ideal structure of the 
network, the way of efficient network management and the 
degree of network centralization. [8] Therefore, it determines 
the way decision autonomy should be distributed in order to 
align the production strategy of plants with the network 
strategy of global production networks [9]. Besides the 
strategy, it is also important to consider the manufacturing 
environment or the manufacturing complexity when allocating 
decision autonomy. It was found that the ideal allocation of 
decision autonomy depends on this environment and the inherit 
complexity on network and plant level. [7]  
Therefore, the allocation of decision autonomy taking into 
account the strategy and the complexity of networks and plants 
is a decisive challenge in the management of global production 
networks.  
1.2. Goal 
The aim of the paper is to develop a methodology for the 
strategy-oriented distribution of decision autonomy in global 
production networks. For this purpose, elementary necessary 
description models in the areas of strategy and targets, 
complexity and decisions are developed. Based on this, impact 
models are developed, which can be used to explain the 
interdependencies of the elements of the description models. 
These are used in a selection process to determine the ideal 
distribution of the decision autonomy for different strategies in 
global production networks. The results of the paper should be 
transferable to industrial use cases in order to cope with real 
world problems. Further, the paper gives recommendations for 
the management of global production networks in volatile 
environments. These recommendations depend on the specific 
setting of global production networks and need to be adjusted 
for each industrial use case. In relation to research, the 
interdependencies between strategy, complexity and decisions 
are worth elaboration.  
2. Principles 
2.1. Global production networks 
Global production networks are considered as man-made 
constructs that operate in a dynamic environment with the aim 
to provide products or services [2]. These networks are open-
ended as there is a connection to downstream suppliers and 
upstream customers. The overall goal is to satisfy diverse 
customer needs in a highly dynamic environment. [1] A global 
production network consists of at least two production plants, 
which can be described as nodes. The connection between these 
nodes is characterized by information, knowledge and material 
flows. [10]  
Global production networks can be structured by 
considering the main tasks in their operation and design. These 
tasks occur concerning different time horizons (see Fig. 1) and 
in different intensities over the lifetime of global production 
networks. 
 
Fig. 1. Tasks of global production networks [2] 
The longest time horizon is meaningful for the formulation 
of a production strategy. The design of the network footprint 
describes the network structure e.g. the number of production 
plants, the production mix allocation or the resource allocation. 
It takes into account the infrastructural elements of the global 
production network. [2] Herein, one can differentiate between 
different production network types. Ideal types are: local for 
local for local, hub and spoke, world factory, sequential chain 
and the web structure. These network types make it possible to 
achieve a suitable distribution of production plants for different 
boundary conditions and to adapt them to the specific 
characteristics of production. [11] 
The third task with the shortest time horizon is the network 
management focusing on the connections between production 
plants and the overall network. It involves classical topics such 
as supply and demand management, but also the task of plant 
responsibility or decision autonomy. [2]  
2.2. Decision autonomy and centralization 
Decision autonomy and centralization have been coupled 
for ages. Autonomy is considered as the condition in an 
organization if units of this organization are able to make 
decisions for themselves if in comparable organizations, these 
decisions are carried out by higher level authorities. Therefore, 
centralization describes the superordinate construct of high 
level authorities inheriting the whole decision making power 
for lower level organizations. [12] 
In the context of global production networks, decision 
autonomy can be described as the independence of a production 
plant to make decisions autonomously within a framework 
granted by the management or production network [7,13]. 
The respective decisions for determining decision autonomy 
can be taken from the production strategy areas or from other 
frameworks like the SCOR model [7,14]. Exemplary decisions 
which can be allocated on network level, plant level or in 
harmonization between the two extremes are: make or buy 
decisions, supplier selection, production planning and control 
decisions, process related decisions or technology related 
decisions [15]. The allocation of these decisions is strongly 
connected to the manufacturing environment or complexity on 
plant and network level [7]. 
2.3. Complexity in production 
The term “complex” is used for objects that people perceive 
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general, complexity describes the number, connectedness and 
dynamic of elements in a system [17]. In production, one can 
differentiate complexity regarding internal and external 
dimensions. Internal dimensions are product, process, 
technology, organization and network, whereas external 
dimensions are customer, competitor, supplier and market. The 
external complexity is transferred into internal complexity by 
adjusting the product portfolio to the customer requirements. 
[18] In each of the complexity dimensions, companies can be 
assessed to be either highly complex or less complex in 
comparison to industry benchmarking or internally. Production 
plants can obtain an assessment of their complexity compared 
to similar plants. 
2.4. Systems engineering and statistical analysis 
The analysis of systems requires a systematic procedure. 
Systems engineering has the aim to give a formally valid theory 
for natural, social and technical systems. [19] Global 
production networks can be classified as technical and social 
systems. Systems engineering can explicitly be used if a variety 
of solutions is possible and no designated solution procedure is 
known. Here, the connected thinking method takes place. It 
enables the solution of complex systems by thinking in 
connections. Different perspectives need to be considered to 
enable a sophisticated solution for the problem. [20] In the 
connected thinking method, the usage of impact models is 
common practice to solve complex problems. It is often 
referred to as “paper computer”. [21] The results of impact 
models are interdependencies between different factors in the 
form of a matrix. 
In order to support the interdependencies in the impact 
models which are based on the connected thinking method, 
statistical analysis can be used. As a basis for the analysis of 
survey data, the t-test for equality of means is useful. Here, the 
equality of means of different clusters e.g. complexity clusters 
can be analyzed. To test significance, different hypotheses can 
be used with different significance intervals. [22]  
3. State of the art 
There is a large number of publications dealing with the 
strategy-oriented management of global production networks.  
Young and Tavares (2004) give a brief overview of the 
literature regarding centralization and autonomy. They 
consider activities and decisions in the area of production, but 
also areas like marketing or research and development. 
Therefore, the scope is not focused on production only. The 
authors identify a gap in research regarding the implications 
from autonomy on strategy and vice-versa. Furthermore, the 
authors identify that there is no procedure which allows 
determining the ideal amount of autonomy for a subsidiary or 
a production plant. [23] Scherrer and Deflorin (2017) analyze 
the influence of production plants and the production network 
on the strategy fulfillment. They constitute relationships 
between plant and network capabilities, coordination, 
configuration and strategy. Thus, the field of research is large 
and fundamental interdependencies are given. However, they 
do not focus on the influence of decisions on strategy. [24] 
Mourtzis et al. (2012) formulate a methodology for the 
identification of efficient supply chain partners in centralized 
and decentralized production environments. The authors use 
operations research methods to find optimal production and 
transportation schemes. Nonetheless, the authors do not focus 
on the finding of an optimal degree of centralization regarding 
decisions and autonomy. [25] Matt et al. (2015) analyze the 
need for distributed manufacturing in today’s manufacturing 
environment due to sustainability and customer orientation. 
The authors identify the need for scalable and flexible 
organizational models. Further, the authors present the drivers 
for decentralized production. In addition, special forms of 
decentralized production are shown. E.g. production franchise 
is a model factory operated independently by franchisees, with 
flexible production units for distributed production in franchise 
networks. [26] Yet, the authors do not explicitly show how 
decentralized production networks should be designed. A focus 
on decision autonomy is not given. Maritan et al. (2004) 
examine whether production plants with different plant roles 
have different levels of autonomy. The authors use Ferdows’ 
model of plant roles [27]. It was found that lead plants do not 
always have the highest amount of autonomy. Still, the authors 
do not present a way to determine the ideal level of autonomy. 
For the purpose of relevant decisions, this paper is meaningful. 
[13] Olhager and Feldmann (2018) analyze the way decision-
making authority is distributed in multi-plant networks. By 
using survey data of 107 production plants, three different 
structures are identified: centralized, decentralized and 
integrated. In addition, the authors find relationships of the 
decision-making authority with process type and product 
volume as elements of complexity. [7] The authors use relevant 
decisions coming from production strategy which are the basis 
for this paper. Additionally, the authors claim that there is a 
relationship between the manufacturing environment and the 
ideal decision-making structure which will be analyzed by 
using the complexity of global production networks. 
Nevertheless, the authors do not present a methodological way 
for companies to find the ideal degree of decision autonomy for 
single and multiple production plants in global production 
networks.  
The state of the art shows that there is a variety of 
methodologies and models regarding the strategic management 
of global production networks. But, only few are focusing on 
centralization issues. In summary, there is no concrete 
methodology which supports companies in finding the ideal 
degree of centralization or decision autonomy for production 
plants in global production networks. This indicates the 
apparent gap in research literature which is the basis for the 
following methodology. 
4. Methodology 
The proposed methodology for the strategy-oriented 
distribution of decision autonomy in global production 
networks consists of four steps. The first step includes the 
characterization of the strategic guideline of companies with a 
global production network. By characterizing the strategy, the 
fundament for the strategy-oriented distribution of decision 
autonomy is laid. Different dimensions of strategy are analyzed 
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general, complexity describes the number, connectedness and 
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volume as elements of complexity. [7] The authors use relevant 
decisions coming from production strategy which are the basis 
for this paper. Additionally, the authors claim that there is a 
relationship between the manufacturing environment and the 
ideal decision-making structure which will be analyzed by 
using the complexity of global production networks. 
Nevertheless, the authors do not present a methodological way 
for companies to find the ideal degree of decision autonomy for 
single and multiple production plants in global production 
networks.  
The state of the art shows that there is a variety of 
methodologies and models regarding the strategic management 
of global production networks. But, only few are focusing on 
centralization issues. In summary, there is no concrete 
methodology which supports companies in finding the ideal 
degree of centralization or decision autonomy for production 
plants in global production networks. This indicates the 
apparent gap in research literature which is the basis for the 
following methodology. 
4. Methodology 
The proposed methodology for the strategy-oriented 
distribution of decision autonomy in global production 
networks consists of four steps. The first step includes the 
characterization of the strategic guideline of companies with a 
global production network. By characterizing the strategy, the 
fundament for the strategy-oriented distribution of decision 
autonomy is laid. Different dimensions of strategy are analyzed 
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and ideal target systems are derived from the strategy. In the 
second step, the relevant decisions for determining the decision 
autonomy are introduced. The decisions are characterized by 
the SCOR model and a classification scheme for companies is 
given. Furthermore, relevant complexity dimensions are 
presented and qualitatively compared with each other. These 
models of strategy, target system, decisions and complexity 
dimensions are the basis for the third step. In the third step, 
structures of impact models are elaborated which guide the way 
to the ideal distribution of decision autonomy in global 
production networks. The last and fourth step derives the ideal 
distribution of decision autonomy by applying selection 
methods. 
4.1. Strategy and target system description models 
In the first step of the methodology, typical strategies of 
global production networks need to be categorized. Friedli et 
al. (2014) use the terms network and production strategy to 
illustrate different strategic areas of global production networks 
[9]. In this article the two perspectives are combined as both 
are relevant for the overall strategy of production networks. By 
doing so, the external and internal view of a company are 
brought together. Therefore, also the network type, which is a 
product of the strategy and should be aligned to the strategy is 
assessed here. An exemplary combination is the network 
strategy of being close to the market in combination with the 
production strategy of being the customer king. This strategy is 
particularly relevant for automotive suppliers which 
differentiate through being flexible regarding changing 
customer demands in different markets. The network type 
“local for local” is often chosen to operate this strategy. These 
idealistic strategy types are transformed into specific target 
systems in order to get an understanding of the importance of 
relevant target dimensions like cost, quality, time, delivery, 
flexibility or market access. The analytic hierarchy process 
(AHP) is used to determine the relevance of the target 
dimensions for each idealistic strategy [28].  
4.2. Decision and complexity description models 
Following the characterization of the strategy and the 
relating target system, and complexity dimensions are 
described.  
Following the works of Olhager and Feldmann (2018) 
complemented by the SCOR model as a theoretical frame, the 
decision categories are the following [7,14]: plant role, 
organizational structure, IT, make-or-buy, supplier selection, 
production process, technology selection, short and long-term 
production, transfer pricing, distribution, capacity planning, 
timing of capacity planning, product allocation and continuous 
improvements. Each decision can be allocated between the two 
extremes network and plant level. With this allocation, the 
degree of autonomy of single production plants in global 





Fig. 2. Decisions and SCOR model 
For determining the degree of complexity of different 
manufacturing environments in global production networks, a 
similar description model is developed. In this article it is 
differentiated between the internal and external complexity. 
Internally, there is a focus on the product complexity, products 
per production plant, process complexity, technology 
complexity and network complexity. Externally, the focus is on 
time, cost and quality pressure, competitor complexity, 
customer base complexity, demand complexity, globalization 
of customer base, supplier base complexity and supplier 
reliability. These dimensions were found to be the most 
influencing for the manufacturing environment of a company. 
Each complexity dimension is classified qualitatively by a 
morphological box with the intensities ranging from low (1) to 
high (5).  
The aforementioned description models of strategy, target 
system, decisions and complexity serve as the basis for the 
upcoming impact models which use systems engineering [19] 
to connect the description models in order to detect 
interdependencies. 
4.3. Impact models 
Following the description models, several impact models 
are designed which make interdependencies between the basic 
dimensions transparent. By doing so, the technique of the paper 
computer is used which is suitable for solving complex 
problems with a dynamic environment [20,21]. First, the 
impact model considering decisions and the target system is 
described. It is called decision-target impact model (see Fig. 3).  
Fig. 3. Decision-target impact model 
Here, the interdependency of an autonomy change of one 
decision regarding one target is analyzed. E.g. if the decision 
supplier selection is allocated from the network to the plant 
level, the target delivery speed can be achieved better. These 
Targets
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interdependencies are relevant for the specific targets of single 
companies and single plants. By applying the paper computer 
technique, experts in workshops can judge the intensity in each 
grid in the matrix. 
The second impact model considers the influence of 
complexity dimensions on the distribution of decisions. It is 
called complexity-decision impact model. Here, e.g. the 
growing complexity in the supplier base needs a more central 
handling of supplier selection due to high numbers and possible 
synergy effects. These relationships are analyzed for each 
dimension of complexity and decisions. Here, t-test for equality 
of means is used for validating the relationships based on 
empirical data coming from an international benchmarking 
project with a focus on the management of global production 
networks. In the benchmarking, the relationship of each 
complexity dimensions and each decision was analyzed. It 
serves as the data pool for the impact model. Complexity is 
modelled as independent variable, because the complexity is 
not focused for optimization. Decisions are modelled as 
dependent variable which can be adjusted in order to find the 
ideal fit of autonomy. Exemplary correlations between the 
complexity dimensions product quality, products per plant and 
the decisions supplier selection and capacity planning can be 
found in Fig. 4.  
Fig. 4. Complexity-decision impact model 
4.4. Selection of the ideal distribution  
In order to interpret the impact models, the specific target 
systems of a company need to be considered first.  
For companies with a network-focused strategy, the 
decisions which are relevant for these network targets are 
prioritized for centralization. For companies with a plant-
focused strategy, e.g. market-oriented companies, the decisions 
which are relevant for the plant’s competitiveness are 
distributed to the plant. Other decisions with no correlation to 
the target systems are allocated based on the complexity-
decision impact model. Here, the different correlations are 
aggregated for each decision and the ideal distribution is 
derived.  
This ideal distribution fits the strategy of the company and 
adapts to the complexity of the manufacturing environment. 
The analysis needs to be done after each opening of a new 
production plant or when the complexity changes.  
5. Application to industrial use case 
The methodology for the strategy-oriented distribution of 
decision-autonomy in global production networks has been 
successfully applied to an industrial use case. For this purpose, 
a global production network from the automotive supply 
industry which produces electrical components for the interior 
has been analyzed. The analyzed production network consists 
of three production plants. One is located in Germany, the other 
two are located in Eastern Europe. In the beginning, all 
decisions are distributed at the plant in Germany which serves 
as headquarter and lead plant for the other two locations. The 
company’s strategy concentrates on being customer king and 
being close to the customer by having production plants near 
automotive original equipment manufacturers (OEMs). Due to 
this, the targets delivery speed, flexibility and market 
penetration were considered to be the most important. 
Therefore, the competitiveness of the single production plants 
is important.  
In the second step, the determination of the complexity and 
decision levels, several workshops were conducted. For the 
internal complexity, the dimension “products per plant” was 
used to categorize the plants, as this dimension has the highest 
impact on the target achievement in the company. Externally, 
the customer base and the supplier base were considered as 
relevant for the production plants. Internally, the plants in 
Eastern Europe were more complex due to several production 
lines and various products being manufactured. Externally, the 
Eastern European production plants were also more complex 
due to a large supplier base and different customers being 
located in Eastern Europe. Eastern Europe was highly 
frequented by incoming and outgoing logistics. 
In the third and fourth step, the impact models were applied 
and combined to find the ideal distribution of decision 
autonomy. The strategic focus led to a shift of autonomy to the 
Eastern European plants based on the decision-target impact 
model. Further, due to the high complexity, more autonomy 
was considered to be ideal for these production plants based on 
the complexity-decision impact model. Only the decisions 
plant role, IT and organizational structure were found to be 
ideal in a centralized way. All other decisions with a strong 
focus on manufacturing and logistics were found to be ideal 
when distributed to the Eastern Europe plants. Therefore, the 
network needs to shift from a highly centralized to a more 
decentralized structure. 
The industrial use case proves the usefulness of the 
methodology. It provides guidance for the task of finding the 
ideal distribution of decision autonomy in order to centralize or 
decentralize production decisions in networks. Motivated by 
the results of the methodology, the company considers to 
restructure their global production network in a more 
decentralized manner. 
6. Summary and outlook 
The objective of this paper was to present a methodology for 
the strategy-oriented distribution of decision autonomy in 
global production networks. The presented methodology 
includes a four step procedure which uses description and 
impact models in the areas of strategy, target system, decision 
and complexity in the interest of combining these dimensions 
to find the ideal distribution of decision autonomy. The 
achieved results help managers to find the sweet spot between 
Decisions
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and ideal target systems are derived from the strategy. In the 
second step, the relevant decisions for determining the decision 
autonomy are introduced. The decisions are characterized by 
the SCOR model and a classification scheme for companies is 
given. Furthermore, relevant complexity dimensions are 
presented and qualitatively compared with each other. These 
models of strategy, target system, decisions and complexity 
dimensions are the basis for the third step. In the third step, 
structures of impact models are elaborated which guide the way 
to the ideal distribution of decision autonomy in global 
production networks. The last and fourth step derives the ideal 
distribution of decision autonomy by applying selection 
methods. 
4.1. Strategy and target system description models 
In the first step of the methodology, typical strategies of 
global production networks need to be categorized. Friedli et 
al. (2014) use the terms network and production strategy to 
illustrate different strategic areas of global production networks 
[9]. In this article the two perspectives are combined as both 
are relevant for the overall strategy of production networks. By 
doing so, the external and internal view of a company are 
brought together. Therefore, also the network type, which is a 
product of the strategy and should be aligned to the strategy is 
assessed here. An exemplary combination is the network 
strategy of being close to the market in combination with the 
production strategy of being the customer king. This strategy is 
particularly relevant for automotive suppliers which 
differentiate through being flexible regarding changing 
customer demands in different markets. The network type 
“local for local” is often chosen to operate this strategy. These 
idealistic strategy types are transformed into specific target 
systems in order to get an understanding of the importance of 
relevant target dimensions like cost, quality, time, delivery, 
flexibility or market access. The analytic hierarchy process 
(AHP) is used to determine the relevance of the target 
dimensions for each idealistic strategy [28].  
4.2. Decision and complexity description models 
Following the characterization of the strategy and the 
relating target system, and complexity dimensions are 
described.  
Following the works of Olhager and Feldmann (2018) 
complemented by the SCOR model as a theoretical frame, the 
decision categories are the following [7,14]: plant role, 
organizational structure, IT, make-or-buy, supplier selection, 
production process, technology selection, short and long-term 
production, transfer pricing, distribution, capacity planning, 
timing of capacity planning, product allocation and continuous 
improvements. Each decision can be allocated between the two 
extremes network and plant level. With this allocation, the 
degree of autonomy of single production plants in global 
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reliability. These dimensions were found to be the most 
influencing for the manufacturing environment of a company. 
Each complexity dimension is classified qualitatively by a 
morphological box with the intensities ranging from low (1) to 
high (5).  
The aforementioned description models of strategy, target 
system, decisions and complexity serve as the basis for the 
upcoming impact models which use systems engineering [19] 
to connect the description models in order to detect 
interdependencies. 
4.3. Impact models 
Following the description models, several impact models 
are designed which make interdependencies between the basic 
dimensions transparent. By doing so, the technique of the paper 
computer is used which is suitable for solving complex 
problems with a dynamic environment [20,21]. First, the 
impact model considering decisions and the target system is 
described. It is called decision-target impact model (see Fig. 3).  
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interdependencies are relevant for the specific targets of single 
companies and single plants. By applying the paper computer 
technique, experts in workshops can judge the intensity in each 
grid in the matrix. 
The second impact model considers the influence of 
complexity dimensions on the distribution of decisions. It is 
called complexity-decision impact model. Here, e.g. the 
growing complexity in the supplier base needs a more central 
handling of supplier selection due to high numbers and possible 
synergy effects. These relationships are analyzed for each 
dimension of complexity and decisions. Here, t-test for equality 
of means is used for validating the relationships based on 
empirical data coming from an international benchmarking 
project with a focus on the management of global production 
networks. In the benchmarking, the relationship of each 
complexity dimensions and each decision was analyzed. It 
serves as the data pool for the impact model. Complexity is 
modelled as independent variable, because the complexity is 
not focused for optimization. Decisions are modelled as 
dependent variable which can be adjusted in order to find the 
ideal fit of autonomy. Exemplary correlations between the 
complexity dimensions product quality, products per plant and 
the decisions supplier selection and capacity planning can be 
found in Fig. 4.  
Fig. 4. Complexity-decision impact model 
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In order to interpret the impact models, the specific target 
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For companies with a network-focused strategy, the 
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decisions are distributed at the plant in Germany which serves 
as headquarter and lead plant for the other two locations. The 
company’s strategy concentrates on being customer king and 
being close to the customer by having production plants near 
automotive original equipment manufacturers (OEMs). Due to 
this, the targets delivery speed, flexibility and market 
penetration were considered to be the most important. 
Therefore, the competitiveness of the single production plants 
is important.  
In the second step, the determination of the complexity and 
decision levels, several workshops were conducted. For the 
internal complexity, the dimension “products per plant” was 
used to categorize the plants, as this dimension has the highest 
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lines and various products being manufactured. Externally, the 
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due to a large supplier base and different customers being 
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In the third and fourth step, the impact models were applied 
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model. Further, due to the high complexity, more autonomy 
was considered to be ideal for these production plants based on 
the complexity-decision impact model. Only the decisions 
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autonomous production plants and a highly centralized 
production network which is managed by a single lead plant or 
headquarter. Furthermore, the results show that systems 
engineering and statistical analysis can be combined to 
supplement each other. In addition, causal relationships 
between the dimensions of strategy, target system, decision and 
complexity are elaborated. Future research activities will focus 
on a catalogue of measures to support companies in deploying 
the ideal degree of autonomy to show specific actions which 
increase the autonomy of production plants. Furthermore, 
production networks which need to be centralized will be 
assisted by other measures which support centralistic networks 
e.g. by implementing a data pipeline from each production 
plant to a headquarter for real-time access to relevant data [29]. 
In addition, future research can focus on determining new plant 
roles which have a distinction in the autonomy of each 
production plant and which should be reflected in regard to 
different network types. 
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